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The murine chemokine receptor 2 (mCXCR2) controls
resistance to urinary tract infection. We have previously
shown that mCXCR2 knockout mice develop severe acute
pyelonephritis and renal tissue damage with sub-epithelial
neutrophil entrapment. In this study we examined the
relative importance of neutrophil- and epithelial-specific
mCXCR2 expression for bacterial clearance in bone marrow
chimeric mice infected with uropathogenic Escherichia coli.
Mice expressing mCXCR2 on their neutrophils responded
rapidly to experimental urinary tract infection, clearing the
infection from the kidneys. Mice lacking epithelial mCXCR2,
however, showed delayed exit of neutrophils from the
tissues. Mice lacking neutrophil mCXCR2 and mice with no
mCXCR2 had no neutrophil recruitment and bacterial
clearance. Mice expressing mCXCR2 only in their epithelial
cells had a transient epithelial chemokine response; however,
neutrophil recruitment was inhibited and bacteria grew
without constraint. Our study shows that the expression of
mCXCR2 on hematopoietic cells was crucial for bacterial
clearance, while its expression on non-bone marrow-derived
cells influenced the neutrophil response. These results
emphasize the importance of mCXCR2 for the innate defense
against urinary tract infection.
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Urinary tract infections (UTIs) are common in infants, young
children, and adults. Population-based studies have demon-
strated that 8% of girls and 2% of boys are diagnosed with UTI
by the age of 7 years,1 and that most women experience at least
one UTI episode during their life time.2 Acute pyelonephritis
(APN) is the most severe form of UTI, with high fever, malaise,
abdominal, and loin pain, as well as poor feeding and
irritability in infants. APN is associated with septicemia, shock,
and significant short-term mortality, and may lead to renal
parenchymal scarring. Acute kidney injury is detected by renal
dimercaptosuccinic acid scans in 20 –90% of children shortly
after the diagnosis of APN,3 and a subset of patients develop
permanent renal damage. Certain patients run an increased risk
of acute pyelonephritis and chronic sequels, suggesting that
their antibacterial defense does not function properly, but the
molecular mechanisms are incompletely understood.4 Studies
of the innate immune response in patients prone to recurrent
pyelonephritis have proposed that low chemokine receptor
expression increases susceptibility to APN, and recently,
molecular defects were identified, which might explain the
susceptibility to recurrent pyelonephritis.5,6
Neutrophils are essential for bacterial clearance from the
urinary tract, and the mechanisms of neutrophil recruitment
have been extensively studied.7,8 Uropathogenic Escherichia
coli (E.coli) infection stimulates production of mucosal
chemokines, of which the CXC-chemokine hCXCL8 (inter-
leukin-8) was shown to be essential for neutrophil recruit-
ment and activation.8–10 mCXCL2/3 (MIP-2) was suggested
to be the functional ortholog to human CXCL8,10 as blocking
of mCXCL2/3 in the murine UTI model inhibited neutrophil
migration across the epithelia, which was followed by
increased bacterial growth in tissues. In addition, infection
stimulates chemokine-receptor expression on epithelial cells
and neutrophils9,11 including the seven-transmembrane
G-protein-coupled receptors CXCR1 and CXCR2.8 Murine
chemokine receptor 2 (mCXCR2) is the murine ortholog of
human CXCR2 (hCXCR2), but functionally this receptor
resembles human CXCR1 (hCXCR1).12,13 mCXCR2 is
activated by murine CXC chemokines containing the ELR
(Glu–Leu–Arg) motif, such as mCXCL1 (KC) and mCXCL2/3
(MIP-2),14 but also by human Gro proteins (hCXCL1–3) and
hCXCL8.15–18 mCXCR2 has been shown to control resistance
to APN in the murine model, as knockout mice (KO) lacking
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mCXCR2 develop acute pyelonephritis with bacteremia and
high mortality. In mCxcr2 KO mice, neutrophil recruitment
into the kidneys is slow and there is a delay in the subsequent
exit of neutrophils across the mucosal lining into the urine.5
As a consequence, neutrophils are trapped underneath the
epithelium, where they cause dysfunctional inflammatory
response leading to tissue damage and renal scarring.19,20 The
chemokine-receptor gene has thus been shown to control
resistance to both APN and renal scarring in mice.
The relevance of the hCXCR1 receptor for human disease
susceptibility has been documented in clinical studies. We
found that APN-prone children have reduced hCXCR1
protein expression and an increased frequency of hCXCR1
polymorphisms compared with age-matched controls.5,6,21 A
family study documented that APN susceptibility is inherited
and that family members to APN-prone children have low
hCXCR1 expression levels compared with the families of
controls without APN, further suggesting that hCXCR1 is
required for functional neutrophil response and for defense
against UTI. In those studies, hCXCR1 expression was
quantified on peripheral blood neutrophils, but epithelial
chemokine receptor expression levels were not studied, as
mucosal biopsies are not to be advised in this patient group.
The relative contribution of epithelial and neutrophil
receptors to neutrophil migration and bacterial clearance
has therefore not been defined.
This study used the murine UTI model to examine how
epithelial and neutrophil mCXCR2 expression influences
resistance to APN. Bone marrow transplantation was used to
allow receptor expression from either neutrophils or
epithelial cells, and the controls were wild-type (WT) mice
with receptors on both cell types and KO mice lacking
mCXCR2 on all cells. The results show that neutrophil
mCXCR2 is essential for E. coli clearance from the urinary
tract, while the epithelial receptor may be involved in the
regulation of mucosal neutrophil responses.
RESULTS
Construction of chimeric mice
Chimeric mice were generated by cross-transplantation of
bone marrow from mCxcr2þ /þ WT and mCxcr2/ KO
mice into lethally irradiated recipients (Figure 1a). Four
different combinations were created; mCXCR2þ / were
mCxcr2 KO mice receiving WT bone marrow, mCXCR2/þ
were mCxcr2 WT mice receiving mCxcr2-negative bone
marrow, and mCXCR2/ and mCXCR2þ /þ were given
autologous bone marrow. Mice with intact mCxcr2 (WT) or
mCxcr2 KO mice lacking receptor expression (KO) were used
as positive and negative controls, respectively. The recipient
genotypes were confirmed by PCR on tail clippings and
blood, using mCxcr2-specific primers (Figure 1b).
Transplanted mice with mCxcr2-negative bone marrow die
from sepsis unless protected by antibiotics
Significant mortality (65 –80%) occurred during the first 2
weeks after transplantation, mainly in mice receiving
mCxcr2-negative bone marrow compared with 15% in mice
receiving bone marrow with intact mCxcr2 (Po0.01 for
mCXCR2/þ versus mCXCR2þ /þ mice, and Po0.001
for mCXCR2/ versus mCXCR2þ /þ mice; Figure 2).
The mortality was associated with systemic infection in most
of the mice, as shown by growth of E. coli in intra-cardiac
blood samples. Mortality in transplanted mice was reduced
by treatment with ciprofloxacin in drinking water
(20 mg kg1 day1; Figure 2), confirming that spontaneous
infections were the cause of early death in the irradiated and
bone marrow-transplanted mice.22,23
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Figure 1 | Construction of chimeric mice. (a) Schematic
representation of the chimeric mice and nomenclature. (b) PCR
analysis of tail clippings and blood from chimeric and control
mice. The 280-bp band indicates the mCxcr2 locus in KO mice and
the 360-bp band indicates the neomycin gene in WT mice.
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Figure 2 | Sepsis-associated mortality in irradiated mice after
bone marrow transplantation. The dashed lines show the
mortality in chimeric mice. The unbroken line shows the reduction
in mortality when transplanted mice were treated with
Ciprofloxacin for 14 days after irradiation. Antibiotic treatment of
mCXCR2/þ mice and mCXCR2/ mice resulted in
significantly lower mortality compared with mice without
antibiotic treatment (*Po0.01 for mCXCR2/þ mice and
**Po0.001 for mCXCR2/ mice), but there was no statistical
difference in mCXCR2þ /þ mice and mCXCR2þ / mice.
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The mCXCR2 response to experimental UTI in transplanted
mice
The resistance to experimental APN was studied 8 weeks after
bone marrow transplantation (Figure 3b). Chimeric mice
were treated with ciprofloxacin for 2 weeks after transplanta-
tion and mice were left to develop chimeric bone marrow for
another 6 weeks. After 8 weeks, chimeric mice were infected
by intra-vesical injection of 0.1 ml of E. coli 1177
(109 CFU ml1) and mCxcr2 WT and mCxcr2 KO mice were
used as controls. Urine samples for chemokine and
neutrophil measurements were obtained at 0, 6, and 72 h
after infection, and mice were killed after 6 and 72 h. Bacterial
numbers were determined in one kidney and the contra-
lateral kidney was saved for hematoxylin–eosin staining and
for immunohistochemistry.
Infection stimulated an increase in epithelial and neu-
trophil mCXCR2 expression in WT mice and in transplanted
mCXCR2þ /þ mice, as shown by immunohistochemistry
(Figure 3). In mCXCR2/þ mice, the response was limited
to epithelial cells. mCXCR2þ / mice lacked epithelial
mCXCR2 expression, but an mCXCR2 response was detected
in recruited transplanted neutrophils, which was confirmed
by hematoxylin and eosin staining. The mCxcr2 KO mice and
the transplanted mCXCR2/ mice were negative for
mCXCR2 at all times (Figure 3). The results showed that
infection stimulates a neutrophil mCXCR2 response, which is
determined by the hematopoietic mCxcr2 genotype of the
donor and an epithelial response determined by the mCxcr2
genotype of the recipient.
The chemokine response to experimental APN in trans-
planted mice
Infection triggered rapid chemokine response, first in
epithelial cells and subsequently in neutrophils (Figure 4).
An mCXCL2/3 response was detected by immunohistochem-
istry after 6 h in all mice, regardless of mCxcr2 genotype. The
response was short-lived in most of the mice, as infection was
cleared. mCXCL2/3 expression remained high after 72 h in
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Figure 3 | mCXCR2 expression in chimeric mice. (a) mCXCR2 expression was detected by immunohistochemistry using mCXCR2 antibody
(red) and nuclei were stained with DAPI (blue). Tissues were counterstained with hematoxylin and eosin. Infection stimulated an epithelial
mCXCR2 response in WT, mCXCR2þ /þ , and mCXCR2/þ mice. mCXCR2þ / mice lacked tissue mCXCR2 expression, but receptor was
observed on recruited neutrophils. mCxcr2 KO mice and transplanted mCXCR2/ mice were negative for mCXCR2. Original magnification
 200. (b) The time line of irradiation, Ciprofloxacin treatment, and experimental UTI.
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Figure 4 | Chemokine response in the renal pelvic mucosa. (a) mCXCL2/3 concentration (green) was detected with anti-mCXCL2/3
antibodies and cell nuclei were counterstained with DAPI (blue). Tissues were counterstained with hematoxylin and eosin. An mCXCL2/3
response was observed after 6 h in all mice. After 72 h, mCXCL2/3 concentration decreased in WT, mCXCR2þ /þ , and mCXCR2þ / mice.
In KO mice and mCXCR2/ mice, mCXCL2/3 response increased after 72 h. In mCXCR2/þ mice, chemokine response was shut down.
Original magnification  200. (b) mCXCL2/3 secretion was quantified in urine. Urine samples were collected before infection and 6, 24,
and 72 h after exposure to E. coli. The numbers are means±s.e.m.s of four experiments (**Po0.001). WT control, &; KO control, n;
mCXCR2þ /þ , ’; mCXCR2þ /, E; mCXCR2/þ , K; and mCXCR2/, m.
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KO control and mCXCR2/ mice. Immunohistochemical
staining of mCXCL2/3 was observed in the epithelium and in
underlying tissues (Figure 4a). The mCXCL2/3 response
kinetics in mCXCR2/þ mice differed from that of the
other groups, as the response shut down after 6 h (Figure 4a
and b).
The results of immunohistochemistry were confirmed by
quantifying mCXCL2/3 concentration in the urine (Figure
4b). The concentration of mCXCL2/3 increased more rapidly
in WT mice than in chimeric mCXCR2þ /þ mice. The
reason is not known, but may relate to the irradiation and
transplantation procedure. Chemokine concentrations were
high after 6 h in most of the mice and declined after 72 h in
mice expressing mCXCR2. In contrast, KO and mCXCR2/
mice continued to release mCXCL2/3 into the urine after 72 h
(Po0.001 in comparison with WT control). The results
confirm that epithelial chemokine expression is driven by
mucosal infection. In addition, they suggest that mCXCR2
expression influences the chemokine concentration and
tissue distribution of chemokines.
Neutrophil recruitment in transplanted mice following
experimental UTI
Neutrophils were counted in a hemocytometer chamber
using urine samples obtained at 6, 24, and 72 h after
infection, and mean±s.e.m. was calculated for each group
of mice (Figure 5). A rapid increase in urine neutrophil
numbers was observed in mCxcr2 WT mice and in
transplanted mCXCR2þ /þ and mCXCR2þ / mice,
followed by a substantial drop after 24 h. There was a
significant difference between 6 and 24 h of infection in WT,
mCXCR2þ /, and mCXCR2/ mice (Po0.085,
Po0.005, and Po0.0336, respectively), but not in chimeric
mCXCR2þ /þ , mCXCR2/þ , and control mCXCR2 KO
mice. By contrast, neutrophil numbers were low or absent in
urine samples from control mCxcr2 KO mice, and in urine
from transplanted mCXCR2/þ mice (Figure 5; Table 1).
The results suggest that epithelial, and especially neutrophil,
mCXCR2 expression is essential for neutrophils to leave
tissues across epithelial barriers.
Neutrophil mCXCR2 expression is essential for optimal
neutrophil recruitment
The interaction of neutrophils with the renal pelvic mucosa
was examined by immunohistochemistry after staining of
tissue sections with the monoclonal granulocyte-specific
Rb6-8C5 antibody,24 (Figure 6). In mCxcr2 WT and
mCXCR2þ /þ mice, neutrophils migrated to the mucosa
and rapidly crossed the epithelial barrier into urine (Figures 5
and 6). In mCXCR2þ / mice, lacking the epithelial
receptor, neutrophils entered the tissues, but their exit across
the epithelial barrier was delayed. By 72 h, no neutrophils
remained in the tissues of mCXCR2þ /þ mice, but by
hematoxylin and eosin staining some neutrophils were
observed under the epithelium in mCXCR2þ / mice. In
mCXCR2/þ mice and in mCxcr2 KO control and
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Figure 5 | Neutrophil excretion in urine following
experimental APN. The bars show neutrophil numbers in urine
samples obtained at 6, 24, and 72 h after infection. The mouse
mCxcr2 genotype is indicated below each bar. There was a rapid
increase in urine neutrophil numbers in mice expressing
neutrophil mCXCR2, that is, WT control, mCXCR2þ /þ , and
mCXCR2þ / mice. Neutrophil numbers were low in mCxcr2 KO
and mCXCR2/þ and mCXCR2/ mice. Neutrophil recruitment
into urine is presented as means±s.e.m.s of four separate
experiments.
Table 1 | mCxcr2 genotype and the neutrophil response to
APN
mCXCR2
expression
Neutrophils 104 ml1
(mean±s.e.m.) P-value
Name 6 h þ /þ þ / /þ /
mCXCR2þ /þ 209±36 — NS 0.003 0.04
mCXCR2þ / 179±54 NS — 0.01 0.04
mCXCR2/þ 35±17 0.003 0.01 — NS
mCXCR2/ 48±22 0.04 0.04 NS —
APN, acute pyelonephritis; mCXCR2, murine chemokine receptor 2; NS, not
significant.
Statistical analysis of urine neutrophil numbers was performed with Mann–Whitney
U-test (two-tailed). Significant differences were obtained after 6 h, but not after 24
and 72 h.
Kidney International (2008) 74, 81–90 85
M Svensson et al.: Effect of mCXCR2 on resistance to kidney infection o r i g i n a l a r t i c l e
transplanted mCXCR2/ mice, no neutrophils were seen at
6 h and very few were observed at 72 h. The results show that
neutrophil mCXCR2 expression is essential for optimal
neutrophil recruitment and for trans-epithelial migration.
Neutrophil mCXCR2 expression influences the susceptibility
to experimental APN
The bacterial counts in kidneys from infected chimeric and
control mice are shown in Figure 7. Bacterial clearance was
rapid in WT mice and in chimeric mCXCR2þ /þ and
mCXCR2þ / mice. The initial reduction in bacterial
numbers lasted about 6 h and was followed by a slower
decline until 72 h, when most of the mice had cleared the
infection. In KO, mCXCR2/þ , and mCXCR2/ mice,
bacterial numbers increased slowly during the first 6 h after
infection, but after 72 h, a marked increase had occurred
(Po0.001 for mCXCR2/ compared with the WT control;
Po0.01 for KO; and mCXCR2/þ compared witih the WT
control). The results confirmed that bacterial clearance is
impaired in mice lacking mCXCR2 expression, and show that
neutrophil-receptor expression is essential to remove bacteria
from the urinary tract.
DISCUSSION
The chemokine receptor mCXCR2 binds chemokines that are
involved in neutrophil migration to infected mucosal sites. In
previous studies, we have shown that mCxcr2 KO mice
develop APN and renal scarring due to prolonged neutrophil
accumulation in the kidneys, caused in part by the delayed
exit of neutrophils across the epithelial barrier.5 These results
suggested that a functional neutrophil response required
mCXCR2 expression on both neutrophils and epithelial cells,
but this question was not addressed. In this study, we used
bone marrow chimeras to examine how mCXCR2 expression
on neutrophils and epithelial cells influences the suscept-
ibility to infection. We show that neutrophil mCXCR2
expression is essential for the antibacterial defense of the
urinary tract and for tissue integrity. Chimeric mice lacking
mCXCR2 on hematopoietic cells had impaired neutrophil
recruitment and could not clear the bacteria, whereas mice
expressing no mCXCR2 had delayed neutrophil exit into the
urine and a prolonged mucosal chemokine response.
However, mice expressing only epithelial mCXCR2 experi-
enced early inhibition of immune response and could not,
therefore, clear the infection. We conclude that neutrophil
mCXCR2 expression is essential for bacterial clearance from
the urinary tract, whereas epithelial mCXCR2 expression may
be involved as a negative inhibitor of inflammation.
mCXCR2 is essential for release of neutrophils from the
bone marrow and for their return following senescence.25
mCXCR2 is also known to impair cell maturation in various
cells.26–28 mCxcr2 KO mice have previously been reported to
suffer from splenomegaly, resulting from an increase in
metamyelocytes and mature neutrophils,29 and have reduced
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Figure 6 | Neutrophil migration into infected kidneys is mCXCR2-dependent. Neutrophils were detected in kidney sections using
granulocyte-specific Rb6-8C5 antibody (green). Cell nuclei were counterstained with DAPI (blue). Tissues were counterstained with
hematoxylin and eosin. After 6 h of infection, numerous neutrophils were found in tissues of WT, mCXCR2þ /þ , and mCXCR2þ / mice.
After 72 h, neutrophils had left the tissues in WT and mCXCR2þ /þ mice, but remained in mCXCR2þ / mice. In mCXCR2/þ , mCxcr2 KO,
control and mCXCR2/ mice, neutrophil recruitment was delayed and very few neutrophils were observed after 72 h of infection. Original
magnification  200.
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leukocyte adhesion response and absence of slow leukocyte
rolling.30 In this study, a large number of mice succumbed to
spontaneous, septic infections during the first weeks after
bone marrow transplantation. The lethal infections were
most common in mice lacking mCXCR2 on hematopoietic
cells. There are two previous studies of bone marrow
chimeras in mCXCR2 mice,31,32 but the increased death rate
of transplanted animals has not been described. The
increased susceptibility to infection was not surprising, as
irradiation impairs the cellular immune defense of the
recipient, but the new observation pertains to the role of
mCXCR2. Furthermore, irradiation affects the integrity of the
intestinal mucosa, thus facilitating spread of intestinal,
Gram-negative bacteria from the gut flora and into the
blood stream.22,33 The early post-transplantation lethality
was avoided in this study by ciprofloxacin treatment, and
with this regimen, the chimeric mice survived and could be
subjected to experimental UTI.
mCxcr2 KO mice have defective neutrophil recruitment
and severe impairment of angiogenesis at sites of wound-
ing,34 and non-hematopoietic mCXCR2 expression has been
implicated in cell mobility and angiogenesis in models of
lung and colon cancer.35–37 Endothelial hCXCR2 activation
leads to rapid actin polymerization and formation of stress
fibers, which support the potential of endothelial hCXCR2 to
mediate vascular permeability.38 A recent study of acute lung
injury showed that non-hematopoietic mCXCR2 expression
had a significant impact on endothelial/epithelial neutrophil
recruitment in response to inhaled lipopolysaccharide.39
However, this study showed that neutrophil recruitment
and elimination of bacteria from the infected urinary tract
mainly involved mCXCR2 expression on hematopoietic cells.
Previous studies identified epithelial mCXCR2 expression
as an important determinant of neutrophil migration across
the mucosal barrier into the urine.8 Frendeus et al.5 showed
that neutrophil infiltration is delayed in the absence of
mCXCR2 despite normal chemokine production, and that
the infiltrating neutrophils accumulated in the sub-epithelial
space. The results were partially confirmed in this study, as
neutrophil exit was delayed in mCXCR2/ mice. The
mechanism is not fully understood, but the epithelial
receptor might be linked by intracellular signaling to other
receptors that regulate epithelial permeability. For example,
Toll-like receptor 4 (TLR4) is an important determinant of
the epithelial response to infection,40,41 but is also known to
affect G-proteins and mobility42 and to downregulate
chemokine-receptor expression.43 In addition, a second,
new function of epithelial mCXCR2 was implicated in this
present study. The inflammatory response lasted for a much
shorter time in mice expressing epithelial but not neutrophil
mCXCR2. This resulted in poor neutrophil recruitment and
uninhibited bacterial growth, as neutrophils were unable to
respond to the chemoattractants and failed to reach the site
of infection. Epithelial mCXCR2 may be involved in a
negative feedback inhibition loop, as observed for other G-
protein-coupled receptors, and suppression of the chemokine
response might serve to avoid accumulation of overactive
cells.44
The results showed that intact neutrophil recruitment is
essential for the antibacterial defense of the urinary tract.7
The mCXCR2 deletion delayed neutrophil recruitment in
response to acute pyelonephritis,5,20 and KO mice were
unable to clear bacteria from the kidneys. The mice
developed bacteremia and symptoms of systemic disease.20
This is consistent with our previous studies, which demon-
strated that neutrophil depletion with specific antibodies
impairs clearance of bacteria from the urinary tract as well as
deficient TLR4 signaling, which impairs chemokine produc-
tion and receptor expression.7,45 Cacalano et al.29 showed
that mCXCR2 is not needed for neutrophil phagocytosis of
Staphylococcus aureus. Since the receptor affects neutrophil
mobility, it has been suggested that reduced host defense
against systemic infections in those mice depends mostly on
impaired neutrophil recruitment.30,42,46 While results con-
firmed that neutrophils are essential antibacterial effector
cells,7 it was unexpected that the murine urinary tract
appears to lack other defense mechanisms to compensate for
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Figure 7 | Kinetics of bacterial clearance in transplanted mice.
Bacterial numbers in kidneys were monitored by viable counts of
tissue homogenates obtained after 0, 6, and 72 h. Bacterial
clearance was rapid in WT, mCXCR2þ /þ , and mCXCR2þ /
mice. Mice lacking neutrophil mCXCR2 were unable to control the
infection, that is, mCxcr2 KO mice, mCXCR2/þ mice, and
mCXCR2/ mice. CFU presented as means±s.e.m. of four
experiments (*Po0.001 for mCXCR2/ compared with WT
control and **Po0.01 for KO and mCXCR2/þ compared with
WT control). WT control, &; KO control, n; mCXCR2þ /þ , ’;
mCXCR2þ /, E; mCXCR2/þ , K; and mCXCR2/, m.
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a neutrophil deficiency in the mCXCR2 KO mice, for
example. Several cell types are activated by infection, and
epithelial cells have been reported to produce antibacterial
peptides, nitric oxide, and other antimicrobial effector
molecules, which have been proposed to be essential for the
defense of the human urinary tract.47,48 This reliance on
neutrophil mCXCR2 expression thus appears to distinguish
the urinary tract from other mucosal sites, like the lungs,
where alveolar macrophages and other cell types participate
in mucosal defense.
Endothelial and epithelial hCXCR1 and hCXCR2 expres-
sion has previously been studied in different human
tissues,8,49–55 and blocking of human CXCR1 has been
suggested as a therapy to suppress the inflammatory response
in septic patients.56 The consequences of such therapies for
disease susceptibility have not been discussed, however. This
study suggested that loss of chemokine-receptor function
might have a major impact on the severity of acute kidney
infections and on tissue damage. In clinical studies, we have
shown that APN-prone children express less hCXCR1 protein
and mRNA than age-matched controls.5 DNA sequencing has
revealed heterozygous hCXCR1 polymorphisms, which may
lead to reduced hCXCR1 expression in APN-prone patients
through impaired transcription factor binding and reduced
mRNA stability.6 As reduced hCXCR1 expression is asso-
ciated with APN, and UTIs are common, there is a risk that
anti-hCXCR1 therapy may increase the risk of severe
infection, tissue damage, and kidney failure. It would be of
interest to develop a more selective future therapeutic agent
to selectively block hCXCR1 or to upregulate hCXCR1
expression in patients with recurrent pyelonephritis.
MATERIALS AND METHODS
Mice
The mice were bred in the animal facilities at the Department of
Microbiology, Immunology and Glycobiology, University of Lund.
Breeding pairs of Balb/c-CmKar2tm1Mwm (mCxcr2 KO mice) were
purchased from Jackson Laboratories (Bar Harbour, ME, USA).
Congenic Balb/c mice were used as controls. mCxcr2KO mice fail to
express mCXCR2 because of the insertion of a neomycin gene.29
Genotyping by PCR
The genotype was confirmed by PCR on DNA extracted from tail
clippings and blood samples of individual mice as previously
described.5 Validated primers specific for the WT mCxcr2 gene and
for the inserted neomycin gene were used.5
Bone marrow transplantation
In a preliminary experiment, a single 1040-rad dose of total-body
irradiation was lethal for 8-week-old female mice of both mCxcr2
KO and WT strains 1 week after irradiation, if subsequent bone
marrow transplantation was not performed. On the basis of these
results, 6- to 10-week-old recipient female mice were irradiated with
a 1040-rad dose. Bone marrow was obtained from femoral bones
from male mice. Four hours after irradiation, recipient mice
received 3 106 injections with bone marrow through the tail vein.
Transplantation was performed according to the scheme shown in
Figures 1 and 3b. Irradiated and bone marrow-transplanted mice
were kept under germ-free conditions and given ciprofloxacin
(500 mg ml1) in drinking water immediately after irradiation and
ongoing for 2 weeks after bone marrow transplantations.
Bacteria
E. coli 1177, serotype O:1K:1H:7, was isolated from a child with
acute pyelonephritis. The strain is virulent in the UTI mouse model
and evokes strong inflammatory response.57 It expresses P and type-
1 fimbriae, but is hemolysin-negative. E. coli 1177 was maintained in
deep agar and passaged on Tryptic soya agar plates. For
experimental infection, E. coli 1177 was cultured on Tryptic soya
agar plates, harvested by centrifugation, and re-suspended to a
concentration of 109 CFU ml1. The bacterial concentration was
confirmed by viable counts.
Experimental APN
Following anesthesia, bone marrow-transplanted mice were infected
by intra-vesical inoculation with E. coli 1177 (109 CFU ml1, 100 ml)
through a soft polyethylene catheter (outer diameter 0.61 mm; Clay
Adams, Parsippany, NY, USA). The catheter was withdrawn and
mice were allowed food and water ad libitum. Animals were killed at
the designated time intervals after infection, or when they developed
symptoms of severe disease. The experiment was repeated four times
with 5–7 mice in each group.
Urine neutrophils were quantified in a hemocytometer chamber,
and bacterial numbers were determined by viable counts on kidney
homogenates. The organs were separately placed in a sterile plastic
bag containing 5 ml of phosphate-buffered saline (PBS, 0.1 M pH
7.2) and homogenized with a Stomacher 80 homogenizer (Seward
Medical, UAC House, London). Homogenates were diluted in sterile
PBS, 0.1 ml of each dilution was plated on Tryptic soya agar plates,
and the number of colonies was scored after overnight culture at
37 1C. The contralateral kidney was placed in 4% para-formaldehyde
and stored for histological analysis. mCXCL2/3 in urine was
quantified by ELISA (R&D Systems Europe Ltd, Abingdon, Oxon,
UK) according to the manufacturer’s instructions.
The study was approved by the Animal experiment ethics
committee at the Lund district court, Sweden.
Sepsis
Mice with severe UTI symptoms were killed. Blood was obtained by
cardiac puncture and injected into blood culture flasks containing
liquid medium. In parallel, a drop of blood was cultured directly
onto McConkey agar and blood agar plates. Bacterial numbers were
semi-quantitatively determined after overnight culture at 37 1C.
Immunohistochemistry
Kidneys were placed in a freshly prepared solution of 4%
paraformaldehyde in PBS placed at 4 1C overnight, and rinsed in
15% followed by 25% ice-cold sucrose in PBS. The tissues were
frozen in isopentan at 40 1C and stored at 80 1C until sectioned.
Cryostat sections were cut at a thickness of 10 mm, thaw mounted
onto poly-L-lysin-coated glass slides, and dried for 30–60 min. The
glass slides were stored at 80 1C.
For mCXCL2/3 immunostaining, the samples were treated with
0.1% saponin (Sigma Chemicals Co., Sigma-Aldrich Sweden AB,
Stockholm, Sweden) in PBS containing 5% normal mouse serum,
incubated with a 1:100 dilution of anti-mouse mCXCL2/3
antibodies (a gift from Dr Marie Burdick and Dr Robert Strieter,
Institute of Pulmonary and Critical Care Medicine, David Geffen
School of Medicine at UCLA, Los Angeles, CA, USA), and developed
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with fluorescein isothiocyanate-labeled anti-rabbit anti-serum.
Parallel sections were stained with hematoxylin and eosin.
For neutrophil staining, the sections were incubated with a 1:200
dilution of the monoclonal granulocyte-specific antibody (RB6-
8C5) (a gift from Dr A Sjo¨stedt, Umea University, Umea, Sweden;
Dr W Conlan, Trudeau Institute, Saranac Lake, NY, USA; and Dr R
Coffman, DNAX Research Institute, Palo Alto, CA, USA) for 3 h and
developed with a solution of Alexa 488-conjugated goat anti-rat IgG
(Molecular probes) for 60 min. For mCXCR2 staining, the sections
were fixed in 50 and 100% acetone and incubated for 3 h at 37 1C
with a polyclonal rabbit-anti-mouse interleukin-8RB (K-19) anti-
body (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) in a
1:40 dilution for 3 h, and counterstained with Alexa 546-conjugated
goat anti-mouse IgG (Molecular Probes Inc., Eugen, OR, USA) for
1 h, or with interleukin-8RB (E2) mouse IgG antibodies conjugated
with phycoerythrin (1:40 dilution) for 3 h (Santa Cruz Biotechnol-
ogy Inc.). Cellular DNA was stained with 1 mg ml1 of 40,6-
diamidino-2-phenylindole (DAPI) (Sigma Chemicals Co.) dissolved
in PBS for 30 min. DAPI permeates the plasma membrane and yields
blue chromatin. The slides were examined with an inverted Nikon
microscope (Nikon Diaphot 300) equipped with a 100 W mercury
lamp (Osram, Berlin, Germany) and Ploempac with the filter set for
fluorescein isothiocyanate and BioRad MRC 1024, controlled via
LaserSharp (version 5.2 for PC/Windows).
Statistical analysis
Non-parametric Mann–Whitney U-test (two-tailed) and Fisher’s
exact test were used. The statistical programs used were In Stat
version for Macintosh and In Stat, version 3.6, for Windows XP,
respectively. Differences were considered significant for Po0.05.
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